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Table 4: Maximum responses of two-story shear frame under
Imperialvalley earthquake
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Table 5: Performance Indexes of two-story shear frame under
Imperialvalley earthquake

3 als Sl @algig J 8 Jlesl 5l Jolb ol
L_.» 4_.,,.:\.2,‘: BE o)'t_w C‘-‘;J—*” E) QL_{\AJ::;G 6[)’5@@ M;L‘

3L 350 e Sl J RS (S50 s AL LQR )

185

435 S Cow 2DOF (go 5l P33 Sakb o sl (0) I
Imperialvalley

Velocity(mm/sec)

UnControlled
Controlled

-1

0 5 10 15 20 25 30 35 40
Time(sec)

Fig. 5: The velocity response of top story (2DOF) under
Imperialvalley earthquake

L;‘dj‘_) &:'j"': e 2DOF LgA)L..« r)) 6@ ul:...:: c-w\-l (-\) Jg.-:/
Imperialvalley

. 2.
Acceleration(mm/sec”)

UnControlled
Controlled

5 10 15 20 25 30 35 40
Time(sec)

Fig. 6: The acceleration response of top story (2DOF) under
Imperialvalley earthquake

s S o Co 2DOF (g6 5l £32 saak J xS 5o, (V) Ji...:
Imperialvalley
60

40r
20+
0

204

Control Force(kN)

40t

-60
0

5 10 15 20 25 30 35 40
Time(sec)

Fig. 7: The required control force at top story (2DOF) under
Imperialvalley earthquake

S8 o 2DOF (o5lus 5 Shas [l (g 3luang L5, (A) IS5
Imperialvalley 433
2.8

2.7
2.6
2.5
24

23

Best Cost for "J"

22

2.1

2

0 10 20 30 40 50
Iterations

Fig. 8: The convergence curve of the performance index
(2DOF) under Imperialvalley earthquake



ﬁﬂj@b}a}&'lsb\? JAKSVJ._[))Q\_)\aéw‘buo)bﬁwdwjxjjf‘k

S5 2o 2DOF (o3l 5 Shas astld ($iluaig L5, OF) IS Gl 1 slie ol 3 50 5 Ses gla ol (gl ol

e 5 SLE LQR Su¥S s, Ly amglie 52 DE o 25

0.716 Aas e
0.714 Lomaprieta (g4 15 ¢S5 oo S (65137 45 95 (g0l —Y=1-0
E, 64.!)) &jﬁ Co 2DOF 65)\.\.4 r)} 64.5.«.19 QKAJ::JL? c\.aLl (d\) Jg..i
_'5 0.712 Lomaprieta
&
2 0.1
S
‘g 0.71 o 005
= H
i o0
0.708 £
UnControlled
Controlled
-0.1
0706 . N . N 0 5 IOTime(seC) 15 20 25
0 10 20 . 30 40 30 Fig. 9: The displacement response of top story (2DOF) under
Iterations

Fig. 13: The convergence curve of the performance index Lomaprieta earthquake

(2DOF) under Lomaprieta earthquake

LSUJ‘J g.<3J,>J Cow 2DOF LS"JL"" (sjb 6@ C,J«J.u cul.i (\') Jg.«
Lomaprieta

S35 S o 303l s 53 el e S slagal 1 s 08
Lomaprieta 0.6f
J Dmax(mm) Vmax(mmlsec) Umax(kN)

LOR 0.7159 54.3281 434.9845 41.8218
DE 0.7071 53.7566 430.819 40.6933

041

02r
0
S02f

Velocity(mm/sec)

04 UnControlled
average 07071 538019  431.0046  40.8010 i conwoten
Table 6: Maximum responses of two-story shear frame under ! ’ R » »
Lomaprieta earthquake Fig. 10: The velocity response of top story (2DOF) under
Lomaprieta earthquake
S o 3T 4 53 Sesle s Shes slaas i Y Jyis S35 S 2o 2DOF (65l pss (saib it imly (1)) IS0
Lomaprieta s4J3); Lomaprieta
LOR DE average i
J; 0.6346 0.6218 0.6220 g 2f
J 0.6877 0.6787 0.6792 £
g 2
J3 0.8713 0.877 0.8759 Fat
<
WA 0.8942 0.8778 0.8789 6| T unControlled
-3
Js 0.4578 0.44447 0.4453 0 ; " ety = »
Js 0.4654 0.4522 0.4527 Fig. 11: The acceleration response of top story (2DOF) under
Lomaprieta earthquake
J; 0.5899 0.5815 0.5809
R 05704 05556 05563 SUP3 S o 2DOF esle 2 4k U328 50,6 (V1) JS2
8 . . . .
Lomaprieta
Jg 0.0426 0.0415 0.0416 “
Table 7: Performance Indexes of two-story shear frame under
Lomaprieta earthquake >
63157 4= 45 03 (o3l —Y-0 “—“; ’
Parkfield (g4 5 ¢S5 o Cowi (315T 4o 43 03 (g0 3lw =V =Y=0 ©
St bS5 gsle iy 28 LS jf.'l_f Jsla= 0y s 10 15 20 25
N Time(sec)
G55 Sl s o5l ol 6l IS 5 s La?b Fig. 12: The required control force at top story (2DOF) under

Lomaprieta earthquake

186



\Y‘Q-\Jb/\ A)Lo.i/v.h.b.uhejji

ote Ol jos cwdige agh — oode aloe

o5 10DOF (503l 5 Shase ot li (5luang Ligy OA) K3

Best Cost for "J"

Parkfield 455 & =

29t
2.8
2.7
261
25t
2.4

2371

2.2 . . .
0 40 60 80
Iterations

20 100
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Table 8: Maximum responses of ten-story shear frame under

Parkfield earthquake
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Table 9: Performance Indexes of ten-story shear frame under

Parkfield earthquake
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Abstract:

One of the most important goals of optimal control of structures is achieving the desired reduction in
responses using minimal control forces. Regarding many researches conducted in the field of active control,
several control algorithms have been presented over the past few decades. Most of these researches calculate
the required control forces by optimizing a second-order performance index. There exist simplifying
assumptions in formulation of these classic algorithms and constraints in mathematical optimization
techniques that have been used in optimizing the performance index. For example, because of unknown
nature of earthquakes, the LQR classic controller cannot consider the external forces -as earthquake
excitation- in calculation of control signal. This may make difficulties in finding the optimal solution for
optimization problem. Metaheuristic optimization methods, such as differential evolution, are modern
algorithms and because of their special capabilities in finding global optima are powerful tools that can be
used in solving complex problems. Despite of many advantages, these methods has not been used
extensively for solving civil engineering problems, especially in the field of active control of structures. In
this paper active control of structures is considered as an optimization problem and a controller is proposed.
The controller uses the differential evolution metaheuristic algorithm for finding gain matrix elements of
active control problem. The gain matrix elements are globally searched by differential evolution algorithm to
minimize the LQR performance index. The proposed method is repetitive and does not need to solve the
Riccati differential equation. Therefore, it is possible to consider the effect of external excitation in finding
the gain matrix and calculation of control signal. The controller is applied on sample 2DOF and 10DOF
structures. Responses of these structures under several excitations from the historical earthquake records are
obtained by MATLAB programming. In addition to the performance index, the maximum control force,
maximum displacement and 9 benchmark indexes -previously measured in controlled structures- are
calculated in this study. These indexes represent the reduction of controlled maximum and average responses
of structure in comparison with uncontrolled responses. In order to evaluate the effectiveness of the proposed
controller, these 9 performance indexes are calculated for 2DOF and 10DOF examples against 7 historical
earthquakes and are compared for proposed and LQR controller. The simulation results indicate that the
proposed method is effective in keeping the controlled responses of structures in desired range. This is also
efficient in reducing the vibrations of structures with lower need to control the amount of energy in
comparison with LQR algorithm. Because of the great capabilities of DE algorithm in searching large spaces
and due to the iterative nature of controller, it considers the effects of external forces in control process.
Numerical simulation shows that performance of the presented control algorithm is better than the LQR
controller in finding the optimal displacements and control forces. Therefore, metaheuristic algorithms such
as differential evolution can be used in active control of structures to achieve more efficient results in
comparison with classic controllers.

Keywords: Active Control, Metaheuristic, Differential Evolution, Optimization.
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